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Development of guidelines for use of recovered
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Développement de directives pour l'utilisation de matériaux de
récupération en infra construction - UUMA3 et CIRCWASTE
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ABSTRACT: The Finnish national UUMAZ3 programme develops the use of recovered materials in earthworks.
Objective is to decrease the use of natural resources and environmental effects of earthworks. For achieving this
objective within UUMA3, the programme will prepare versatile and user-friendly technical design guidelines for
recovered materials to be used in road and infra structures. The most comprehensive ensemble of road and railway
design guidelines has been carried out by the Finnish Transport Agency. Cities and municipalities have comple-
mentary design guidelines for streets, roads, parks, etc. The main guidelines for contractors are presented in
InfraRYL (Finnish general specifications for infrastructural construction works), which contains constructional
requirements and specification on earthworks in general. For some of the recovered materials, like crushed con-
crete, specifications already exist on almost all levels and organisations, but with some recovered materials,
specifications are still quite inadequate.

RESUME: Le programme national finlandais UUMA3 développe l'utilisation de matériaux de récupération
dans les travaux de terrassement. L’objectif est de réduire 1’utilisation des ressources naturelles et les effets en-
vironnementaux des travaux de terrassement. Pour atteindre cet objectif dans UUMAZ3, le programme préparera
des directives de conception technique polyvalentes et conviviales pour les matériaux récupérés a utiliser dans
les infrastructures routieres et urbaines. L’agence de Transport Finlandaise a réalisé 1’ensemble le plus complet
de directives en matiere de conception des routes et des voies ferrées. Les villes et les municipalités ont des
directives de conception complémentaires pour les rues, les routes, les parcs, etc. Les directives principales pour
les concessionnaires sont présentées dans InfraRYL (Spécifications générales finlandaises pour les travaux de
construction d’infrastructures), qui contient les exigences de construction et les spécifications des terrassements
en général. Pour certains des matériaux récupérés, tels que le béton concassé, des spécifications existent déja a
presque tous les niveaux et organisations, mais avec certains matériaux récupérés, les spécifications sont encore
tout a fait insuffisantes.
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I BACKGROUND mineral demolition waste, mildly contaminated
soil and recovered aggregates from existing earth
structures. In Finland these reclaimed, recovered,
recycled or alternative materials are called

In earthworks, natural rock materials can be re-
placed with recovered materials acquired from
surplus soil, industrial waste and by-products,
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D.1 - Environmental geotechnics

UUMA materials. UUMA materials can be used
either untreated or as components to improve the
properties of non-renewable rock material. Con-
struction sites can be e.g. roads, streets, ports, in-
dustrial sites, parks, sport venues, etc.

In 2014 the total volume of extraction of gravel
and crushed rock was approximately 79 million
tons in Finland and about 45 % of it was used in
earth construction (GTK 2017). Promoting the
use of recycled materials is a highly efficient way
of improving material efficiency and it can lead
to a significant decrease both in the use of non-
renewable natural resources and in transportation
energy consumption (FTA 2014).

To increase the usage of these recovered mate-
rials, design guidelines for the appropriate appli-
cations are necessary. Construction guidelines for
the materials should be included in the Finnish
general specifications for infrastructural con-
struction works (InfraRYL) (Building Infor-
mation 2017 and 2018). The use of recovered ma-
terials in earthworks can be increased by the
productisation and commercialisation of materi-
als and by developing construction technology,
planning and procurement.

2 UUMA3 AND CIRCWASTE

The goal of the UUMA3 program (2018-2020) is

to promote the use of recovered materials in

earthworks and thus decrease the use of un-

touched natural resources and environmental ef-

fects of earthworks. Partners of the UUMA 3 are

listed in the chapter 6. The main focus is on the

development of planning and acquisitions and on

product development. The programme aims to:

e Support the development of planning and
acquisitions carried out by clients

e Decrease the use of rock and gravel materi-
als in earthworks

e Introduce more commercialised UUMA ma-
terials to the markets

e Produce information for the development of
environmental legislation supporting new
eco-efficient earthworks.
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The materials considered in the project are re-
covered asphalt and other recovered bearing
courses, crushed concrete, crushed bricks, bottom
ash from municipal solid waste incineration
(MSWIBA), coal fly ash and bottom ash, bio-
mass fly ash, desulphurisation residue from coal
combustion, tailings sand from calcite mining,
gypsum from phosphoric acid production, spoils
from forest industry, dredge sediment residue and
excavated soft soils from construction sites.

The guideline work for road structures is partly
funded by EU Life [P CIRCWASTE (Part C.22).
CIRCWASTE C.22 “Piloting of the use of recy-
cled materials in a highway construction applica-
tion” (2016-2023) is EU-LIFE funded sub-pro-
ject of the Finnish national LIFE-IP
CIRCWASTE project. The aim of C.22 is to pro-
mote using recovered materials in earthworks for
road and railway projects in Finland and to share
knowledge of developed planning and procure-
ment processes with other public authorities.
Planned actions are to carry out piloting activities
on selected road projects during various stages of
construction and to test and demonstrate the use
of different kinds of waste materials in versatile
road construction applications. C.22 participants
are the Finnish Transport Agency and Ramboll
Finland Oy.

3 SPECIFICATIONS GOVERNING THE
USE OF RECOVERED MATERIALS

Infra construction and earthworks are regulated
by different objectives, acts, degrees, guidelines
etc. Recovered materials are embodied in many
of these documents. In the following list are pre-
sented some levels of current specifications
which regulate the use of recovered materials:

a. Objectives of the EU, states, cities and au-
thorities

Environmental legislation

Standards and quality requirements
General design guidelines

General code of practice for infrastructural
construction works

opo o
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Recovered materials — Development of design and construction guidelines

f.  Other specifications for design and con-
struction

g. Material specified design guides

h. As-built documentation specifications and
requirements

i. Commersialisation guidelines

Levels from a to ¢ represent the boundary con-
ditions for the use of recovered materials. Levels
from d to h describe the methods by which the
design, construction and documentation should
be carried out. The content of these levels is spec-
ified in more detail in the following paragraphs
and in Table 1.

a. Objectives of the use of recovered materials:
The objectives of EU, states, cities, administra-
tions, etc. exist in directives, strategies and pro-
grams. For example, both the Finnish national
legislation and the EU waste directive aim to in-
crease the recycling of construction waste. The
original objective by EU set in 2008 is to increase
construction and demolition waste recycling to
70 wt% by the year 2020 (EU 2008).

Several cities in Finland (e.g. Helsinki, Espoo,
Tampere, Oulu, Turku) have research & develop-
ment programs for the use of recovered materials
in earth construction. For example, the City of
Helsinki has set certain principles for promoting
the use of recovered materials that include land
acquisition and management, design and plan-
ning the infrastructure, and construction works.
The target is to reduce soft soil excavation, CO;
emissions and other harmful environmental im-
pacts from construction works and to increase the
re-using and recycling of construction materials.
The first stage of this development program of
the City of Helsinki was carried out in 2014-2017
and the second 2018-2021. Based on the devel-
opment program the first coordination group for
the surplus soils was formed in 2009. (Kénkénen
& Suominen 2018)

b. Environmental legislation: Finnish Ministry
of the Environment has allowed a simplified pro-
cedure for applying the environmental permis-
sion for the use of some recovered materials in
earth construction. This MARA-decree stands for
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Government Decree on the recovery of certain
waste in earth construction. The first version of
the MARA-decree (publ. 2006) encompassed only
a few recovered materials (e.g. ashes, crushed
concrete). An updated version was published De-
cember 7 2017 and it allows applying the sim-
plified environmental permission procedure to a
broader range of recovered materials. Evaluation
of the environmental acceptability of a given ma-
terial in the MARA-decree is based on the solubil-
ity of the harmful compounds.

Another decree called MASA (Government De-
cree on the recovery of certain soil waste in earth
construction) is under preparation. The MASA-
decree and its requirements will be in harmony
with MARA. Effective date of the decree is ex-
pected to be in the early 2019.

c. Standards and quality requirements: EN-
standards for testing have been presented for
some recovered materials. Sjoberg et al. (2016)
have compiled a background study of the recov-
ered material standards as a part of the producti-
sation guidelines (Koivisto et al. 2016). The
study summarises the required properties and test
methods for materials and applications from dif-
ferent standards and guidelines. Its aim was to
find standards that can be applied to recovered
materials.

d. General guidelines for design from public
authorities: Public authorities preparing general
guidelines for design of earth structures in Fin-
land are e.g. Finnish Transport Agency, Associa-
tion of Finnish Local and Regional Authorities,
Finnish Municipal Engineering Association,
Finnish Association of Civil Engineers, Building
Information Foundation, The Ministry of Educa-
tion and Culture and Ministry of Environment.
General specifications are e.g., Street 2002 - De-
sign and construction of streets (Finnish Munici-
pal Engineering Association 2003) and The use
of re-covered materials in road structures (Finn-
ish Transport Agency 2007).

In addition to general design specifications,
many cities, municipalities and regional authori-
ties have prepared their own local guidelines.
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Such specifications are e.g. Design of water sup-
ply and sewerage system at Helsinki region (HSY
2016), which includes appendices for the use
crushed concrete and foamed class aggregate,
and Design guide for the use of recovered soils in
landscaping substrate (City of Helsinki 2018a).

e. General code of practice for infrastructural
construction works in Finland (/nfraRYL): The
quality requirements of the InfraRYL are applied
in most infra construction sites in Finland. Re-
quirements for some recovered materials (such as
crushed concrete, foamed class, blast furnace
slag) are presented in the InfraRYL parts 1 and 2.

f. Other specifications for design and con-
struction: As complementary guidelines for the
official design and construction standards, some
other specifications regarding the use of recov-
ered materials have been published by either pri-
vate organisations, public authorities or as a col-
laboration of both. These complementary
specifications cannot be used as a determinative
document in the public construction works with-
out a separate validation by an authority.

g. Material supplier guidebooks: In Table 1 are
presented some examples of the guidebooks and
design guides published by material suppliers.
These supplement the other existing specifica-
tions.

h. As-built documentation specifications and
requirements: The methods for rehabilitation, ex-
cavation or demolition of the structures made of
recovered materials have been a concern for the
builders and contractors in Finland. Because of
the lacking as-built documentation of the recov-
ered material used in structures, some unexpected
and unwanted extra costs have transpired with old
recovered structures. Spatial information and
metadata of all soil structures as well as of the re-
covered material structures should be docu-
mented in an appropriate database where loca-
tions of the structures can be viewed during the
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design phase of the construction process and no
surprises will take place because of them in the
execution phase.

For decades the Finnish Transport Agency has
had a database for storing road network infor-
mation. The database includes general infor-
mation of the road (location, usage, construction
date etc.), materials, maintenance log and meas-
urement history. Similar kind of data storing has
been introduced in some cities in Finland e.g. in
the City of Helsinki (Helsinki 2018Db).

The new MARA-decree (see chapter 3) also re-
quires a report to the environmental authorities
about the use of MARA-materials. The report
must contain information of the materials and of
the quantity and the spatial location of structures.

i. Commercialisation guidelines: General
product requirements for the commercialised ma-
terials have been presented in the European har-
monised product standard. If no harmonised
standard exists for the product approval, the ma-
terial technical evaluation can be made with Eu-
ropean Assessment Document (EAD).

Development work for preparing the product
approval specification for commercialising re-
covered materials in earthworks started in the
UUMAZ2 program. (Koivisto et al. 2016).

4 SPECIFICATIONS DEVELOPMENT

The aim is that by the end of UUMAS3 program,
there exist new or updated design and construc-
tion guidebooks and information for using recov-
ered materials in Finnish earthwork projects.

In practice the maintenance of the specifica-
tions is a never-ending process since updates of
the acts, decrees, standards, etc. creates a need to
refresh the design and/or construction guidelines
for several parties. In many cases the update of
existing guidebooks is also a good chance to get
more recovered materials and applications in-
cluded to the specifications.

IGS



Recovered materials — Development of design and construction guidelines

Table 1. Current legislation, regulations, guidelines, manuals, etc. regulating the use of recovered materials in
infra construction in Finland (some examples).

a. Objectives of the EU, states, cities and authorities regarding the use of recovered materials

» Directive 2008/98/EC of the European parliament and of the council on waste and repealing certain direc-
tives

» The National Waste Plan (Ministry of Environment 2017a)

» Environmental strategy of Finnish Transport Agency 2017-2020 (Finnish Transport Agency, 2017)

+ Helsinki to be the most functional city in the world: Helsinki City Strategy 2017-21 (City of Helsinki 2017)

b. Environmental legislation

» Environmental Protection Act 527/2014 (Finnish Ministry of Justice 2014)

» Waste Act 646/2011 (Finnish Ministry of Justice 2011)

* Government Decree on the recovery of certain waste in earth construction - “MARA-decree” (Finnish Min-
istry of Justice 2017) and the application directive for the “MARA-decree” (Ministry of Environment
2018)

c. Standards and quality requirement

» SFS EN 13242 Aggregates for unbound and hydraulically bound materials for use in civil engineering
work and road construction. (Finnish Standards Association 2013)

» SFS 5884 Factory Production Control of crushed concrete for earth construction (Finnish Standards Asso-

ciation 2018)

other EN and national standards

[="

. General guidelines for design from public authorities
General guidelines for design of infrastructures in Finland from several authors (see Chapter 4)

. General code of practice for infrastructural construction works
General specification for infrastructural construction works in Finland (Building Information 2017 & 2018)

Other specifications for design and construction

The use of ashes in earth construction - coal and bio ashes from forest and energy industry (Building Infor-
mation 2018)

» Design guide for the use of recovered soils in landscaping substrate (City of Helsinki 2018a)

* Crushed concrete in the public earth construction (City of Helsinki et al. 2018)

* Mass stabilisation handbook (Ramboll 2015)

e m=ie @

g. Material supplier guidebooks

* MSWI BA. Guidebook for use in earthworks (Sormunen 2018)

* Betoroc®-Crushed concrete, Guidebook for construction and design (Rudus Oy 2017)
* Design guide - fill-R in road, street and earth structures (Ecolan Oy 2016)

h. As-built documentation specifications and requirements

* Government Decree on the recovery of certain waste in earth construction 843/2017 (Finlex 2017)

* Road network data system (FTA 2018)

* Guide for as-built-spatial information measurement and documentation format concerning design and con-
struction sites of city of Helsinki (Helsinki 2018b)

i. Commercialisation guidelines
+ Commercialising reclaimed materials in earthworks (Koivisto et al. 2012)

Earthworks, 2013-2017) Finnish Transport
4.1 Finnish Transport Agency Agency (FTA) started to develop its own plan-

During the UUMA2 programme (Finnish na- ning, project and  procurement  processes

tional programme of Recovered Materials in
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(Ahlgvist et al. 2018). To increase the use of re-
covered materials in road projects it is essential
to consider them at the very early stage of the
planning process, well before the contract phase.
An update of the procurement document tem-
plates of FTA is in progress and a separate sub-
website will be set up under the ‘Procurement
guidelines’ page in the FTA Intranet for compil-
ing up-to-date information on recovered materi-
als. (FTA 2018)

The new guide by FTA of alternative materials
in road and rail construction is currently being
written and will be published in 2019.

Preparation of another FTA publication Use of
alternative materials in road structures manual
has been started in the beginning of 2018. The
manual is based on a background study where ex-
periences of the use of recovered materials and
the long-term performance of the structures in
FTA road construction projects over the past dec-
ades has been gathered and published. Guide-
book and the background study will give recom-
mendations for using recovered materials in road
structures (best practices and suitable types of
structures).

Other development projects by FTA are Re-
use of crushed concrete aggregates from demol-
ished bridges and Configuring the recovered ma-
terials in FTA s road network data system. In the
first project the aim is to find evaluation tools for
determining the cost efficiency of the concrete
mobile crusher plant in different crushing vol-
umes (public 2019).

FTA is upgrading its old road register to a
modern road network data system structure doc-
umentation system. During the upgrade process
(2017-2020) the description of recovered materi-
als is configured into the new system.

4.2  Municipalities

The guidebook Street 2002 — Design and con-
struction of streets will be updated by the end of
2020 as Street 2020. As a complement for Street
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2020, a manual Recovered materials in city plan-
ning and construction will be written simultane-
ously by the UUMA 3 programme.

In Finland, the use of natural resources in
building and construction works per capita is 2-3
times greater than in average in the other EU
countries. This has led to the development of
more resource-wise use of rock and land masses
in urban planning. Land mass coordination de-
velopment program (2014-17) in Helsinki saved
32 million euros in costs, 4.5 million litres of fuel
and 11 300 tonnes of CO, emissions (Kénkdnen
& Suominen 2018). The principles and findings
of the Land mass coordination development pro-
gram will be refined and applied into UUMA3
programme’s dissemination such as development
of circular economy parks and site development
projects.

4.3 Online manual of the recovered
materials

Within the UUMA2 programme an UUMA
online manual of the recovered materials was
published in www.uusiomaarakentaminen.fi. The
manual aggregates the best design and construc-
tion practices of the recovered materials from the
most important design and construction guides
and other publications, some of which have been
presented in Table 1. The UUMA online manual
is updated when new research data of the recov-
ered materials or new guidebooks are published.

4.4 Other UUMA3 development projects

A preliminary study for surveying the acid gen-

erating sulphide soils will be published during

UUMA3 programme in 2018. The goal is to write

a complete guidebook of sulphide soils in infra

construction projects during UUMA3. Other

UUMAZ3 development projects are:

e Development of the principles in life cycle
assessment and emission calculations

e Education

IGS
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o (Gathering experiences of the executed pro-
jects in cities & municipalities and sharing
the information

5 CONCLUSION

UUMAZ3 programme and CIRCWASTE-project
have listed specific steps and goals for develop-
ing the use of recovered materials in infra con-
struction projects and directed actions to most im-
portant development areas. To increase the usage
of recovered materials updated design guidelines,
procurement documents and process, and con-
struction specifications are necessary.

Infra construction and earthworks are regu-
lated by different objectives, acts, decrees, guide-
lines, etc. Recovered materials are embodied in
many of these documents where the role of recov-
ered materials can chance from leading to minor
role.

This paper presents the whole of existing spec-
ifications regulating the use of recovered materi-
als in Finland. That ensemble is the basis to the
development of specifications to increase and ad-
vance the use of recovered materials. By under-
standing the whole, lacks in guidance and speci-
fications can be avoided that might otherwise
encumber the use of recovered material in earth-
works.
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